Completeness limits of the optical and infrared surveys are discussed.
INTRODUCTION
Planetesimals are increasingly recognized as the evolutionary lynch pins for models of planet formation within the solar system. Their demographics, compositions, and dynamical attributes are imprints of our circumstellar ecosystem extant at the epoch of planet building that likely reflect the general conditions in exo-planetary disks. From the study of asteroids as relics of the early period of planet building, insight can be gained into to deriving asteroid albedos and diameters, while Section 4 discusses our thermal modeling results, survey completeness limits, comparisons to prior IRAS albedo catalogs of MBAs, as well as an examination of main belt albedo gradients, dynamical family albedos within the main belt and the overall bulk size-frequency distribution of asteroids. We conclude in Section 5.
MIPSGAL AND TAURUS SURVEYS
The two Spitzer surveys studied in this paper were selected via three criteria:
multi-epoch 24 µm data taken with epoch separations on the scale of hours at ecliptic latitudes ≤ 20
• . More than 95% of all known main belt asteroids are found at inclinations ≤ 20
• , and studies have shown that the number counts of asteroids drop off by a factor of two from ecliptic latitudes of 0 • to latitudes of 5
• to 10
• in the IR (Tedesco et al. 2005; Ryan et al. 2009 ). In order to detect the smallest, and thus faintest, asteroids in the Spitzer data, multiple epochs were required such that images from two epochs could be subtracted to remove fixed objects and allow for multiple detections of a single asteroid in an image pair. To properly derive diameters and albedos from thermal data, 24 µm fluxes are required as these fluxes are neither contaminated by reflected solar flux (as is the case for wavelengths shorter than ∼ 5 µm, e.g., Ryan et al. 2009; Mueller et al. 2007) , nor on the Wien side of the asteroid spectral energy distribution (SED) where thermal fitting errors are highest (Ryan & Woodward 2010; Harris et al. 2011) . Two Spitzer surveys fulfilled these requirements -the MIPSGAL and the Taurus surveys.
The MIPSGAL survey (Carey et al. 2009, Spitzer Program ID 20597) was designed to survey 72 square degrees of the inner galactic plane at 24 and 70 µm with the Multiband
Imaging Photometer for Spitzer (MIPS; Rieke et al. 2004) . At low ecliptic latitudes (ecliptic The Taurus survey (Rebull et al. 2010, Spitzer Program ID Numbers 3584, 30816) was designed to survey approximately 30 square degrees in the Taurus Molecular Cloud at 24 and 70 µm with MIPS Scan observations. The Taurus Molecular Cloud is centered at ∼ 3 • ecliptic latitude, and all data of this region were taken at separate epochs at 5 to 12 hour intervals to allow for asteroid rejection from the final image stacks. This region was observed twice in two different years to obtain the required stacked survey depth; the total asteroid survey area is equal to 53.12 square degrees. The Taurus data were obtained Observing Requests (AORs) (21 pairs) reprocessed with the MIPSGAL processing pipeline of Mizuno et al. (2008) , except that asteroids were not masked out of the AOR mosaics.
The image data files selected for our analysis from the Taurus surveys consists of 30 AORs (15 pairs) processed by the data processing pipeline at the Spitzer Science Center. The pairs of images which shared a common image center were registered utilizing the world coordinate system (WCS) and differenced as illustrated in Figure 1 . Image subtraction allows for removal of fixed point sources and galactic background structure. MOPEX (Makovoz & Marleau 2005) was employed in conjunction with single epoch uncertainty maps to produce point-spread function (PSF) fitting photometry of the positive and negative sources in each difference image consisting of object positions, fluxes and 1-sigma uncertainties in the point source fitted fluxes.Positive and negative source catalogs were constrained to only report objects detected with PSF chi-squared normalized by the degrees of freedom in the PSF fit greater than one, which results in only returning objects detected at a signal-to-noise ratio of five (5) or greater.
Due to small world coordinate system offsets between epochs, some fixed sources are detected in both the positive and negative source catalogs. To fully remove these sources from the asteroid candidate catalogs, the positive and negative catalogs are cross matched.
Any object with a partner in the opposite catalog with a position within a radius of 1.5 pixels is rejected from the asteroids candidate catalogs. Each candidate catalog is also searched for false sources present in the data due to increased sensitivity in small regions with increased areal coverage in an AOR which appear with predictable offsets given the scan rate. These latent sources were also removed from the final candidate catalogs.
Initial asteroid identification was performed utilizing known asteroids in the field. The JPL Horizons ISPY 1 tool was queried on 22 January 2011 to produce lists of all known asteroids present in the MIPSGAL and Taurus images and that time, the Horizons database contained the orbital elements for 543,357 known asteroids. The ISPY tool requires input of observation time and image corners and produces a list of known asteroids which would be present in the field, along with predicted positions, the predicted apparent magnitude, and the instantaneous rates of change in Right Ascension (RA.) and Declination (Decl.) at the time of observation in arcseconds per hour. The observation time given for all ISPY queries was the observation time of the first BCD image in the AOR mosaic. ISPY queries were executed on an AOR basis, therefore for each subtracted image; two (2) ISPY queries were executed to predict the positions of the asteroids in each epoch. The predicted position at the start of an AOR, the AOR duration and the orbital rates are then convolved to define a search box for known asteroid candidates in each epoch. In 90% of cases, only one object from the candidate asteroid catalog is present in the search box. We interpret this coincidence as a direct object match. In the cases where multiple candidates are detected within a search box, the predicted position of the known object and the matched candidates are output to a file for visual inspection and recovery. A list of non-detected asteroids in each field is also produced to estimate the completeness of the 24 µm MIPS dataset.
recovered determining the relative flux ratio between the model 24 µm PSF central source and the first Airy ring and multiplying this ratio times asteroid fluxes in the first Airy ring. Positions in Table 1 are the nominal positions of the saturated PSF center and the uncertainty in the reported fluxes is assumed to be 15%. A flux flag value of 4 in Table 1 is used to denote the instances where the reported fluxes for these objects are reported from a saturated source.
Asteroid candidates with no association with known asteroids were not used for further diameter and albedo analysis. Estimating diameters and albedos for these objects is highly uncertain without the availability of optical absolute magnitudes, and derivation of orbits for these objects is problematic with only two epochs of data as acceleration vectors cannot be derived from the positional data.
ALBEDO DETERMINATION
We used the Near Earth Asteroid Thermal Model (NEATM; Harris 1998) to determine the rotationally averaged diameters and albedos of known asteroids in our MIPSGAL and Taurus samples. The NEATM relies upon a basic radiometric method to determine both the diameter and albedo of an asteroid (for a complete discussion, see Ryan & Woodward 2010) . NEATM assumes balance between incident radiation and emitted radiation, where the emitted radiation has two components; a reflected and a thermal component. The reflected component has approximately same spectral energy distribution (SED) as the incident radiation; i.e., the reflected component is dominant in the optical and peaks in V band commensurate with the spectral region in which the sun emits the greatest flux. The reflected asteroid flux is proportional to the diameter of the body, D(km) and the geometric albedo, p V . To maintain energy balance the thermal flux is proportional to the amount of incident flux which is not reflected.
However, asteroids do not maintain one single body temperature, T(K), rather there is a temperature distribution across the surface which is then observed in the mid-IR. The NEATM utilizes an assumed temperature distribution to model the total IR flux, which is related to p V . The temperature distribution utilized by NEATM is:
( 1) where the temperature, T is in Kelvin, A is the geometric Bond albedo, S ⊙ is the solar constant (W m −2 ), r h is the heliocentric distance (AU), ǫ is the emissivity of the object (assumed to be 0.9), σ is the Stefan-Boltzmann constant, η is the beaming parameter, φ is the latitude, and θ is longitude of the coordinate grid superposed on the asteroid.
The derived temperatures are not phase angle dependent in the NEATM approach (Harris 1998 ).
In the NEATM temperature distribution, η, the beaming parameter is utilized as a variable to characterize both shape and thermal inertia. In an ideal case where an asteroid is a perfect sphere with zero thermal inertia, η equals unity. Only one thermal photometric measurement is available from the 24 µm measurements; therefore, NEATM was run with a fixed beaming parameter of η = 1.07. This value of η was selected by averaging the value of η for 1584 main belt, Hilda and Trojan asteroids observed by IRAS and/or MSX (i.e., Ryan & Woodward 2010) . In addition we adopt a value for the emissivity (ǫ) of 0.9, a value appropriate for rock (Morrison 1973) , and a phase slope parameter (G) of 0.15 when computing the asteroid diameter and albedo. To compute the geometric albedo and thus the temperature distribution on the illuminated face of the asteroid, one must anchor solutions to an optical data point. We utilized optical absolute magnitudes (H) from the Minor Planet Center 2 (MPC) for the purposes of our solutions.
The validity of our thermal models to compute rotationally averaged parameters of asteroids is robust and as yielded model albedo and diameters that are consistent with radar and occultation measurements of many tens of asteroids (e.g., Ryan & Woodward 2010 ).
All mean albedo and mean diameter solutions reported in Table 2 are derived from
Monte Carlo modeling for each asteroid per sighting. A 500 data point distribution was created for each object observation such that the mean flux was equal to the flux measured by MOPEX and the standard deviation of the distribution was equivalent to the uncertainties in the flux measurement. These flux points were then used in conjunction the known orbital parameters and the H magnitude to produce albedo and diameter fitting results. In this Monte Carlo modelling, the optical absolute magnitude (H) was also varied by up to 0.2 magnitudes; equal to the mean offset in asteroid absolute magnitudes as derived from the MPC and the Asteroid Orbital Elements Database (ASTORB 3 ; Bowell et al.
1989
). Due to the wide width (∆λ = 4.7 µm) of the MIPS 24 µm channel, a color correction is also required to accurately fit the albedo and diameter. Our implementation of NEATM applies color corrections iteratively, such that a color correction is applied to the model asteroid flux with each refinement of the albedo (Ryan & Woodward 2010) . Instead of using the subsolar temperature for the color correction, we calculate the mean of the temperature distribution for the application of the color correction, as described in Ryan & Woodward (2010) . The standard deviation of the albedos and diameters listed in Table 2 are the 1-sigma statistical uncertainty (±) in the results added in quadrature with a ±2% error in the absolute calibration of MIPS 24 µm data (Gordon et al. 2005) . Results reported in Table 2 are sorted by AOR Request Key and asteroid name/provisional designation allowing for direct matching of results with input data by line in Table 1 . Table 3 is sorted in alphanumeric order and reports the mean albedo and diameter and associated 1-sigma uncertainties for 1831 asteroids, as well as the number of sightings used to arrive at these solutions.
THERMAL MODELLING RESULTS

Albedo and Diameter Properties/Validity
Prior observations and thermal model fits of the nine brightest sources, 103 Hera, McCuskey and 106 Aethusa derived using the NEATM and IRAS or MSX photometry were compared to those obtained from the MIPS photometry. Table 4 summarizes the albedos and diameters computed from the MIPS 24 µm data, and their IRAS or MSX derived NEATM albedo, diameter and beaming parameter (Ryan & Woodward 2010) and an occultation diameter if available from Dunham & Herald (2009) . The diameter estimates from MIPSGAL photometry are within the uncertainties of those derived from fitting the SEDs produced by minimum of three wavelength specific fluxes from the IRAS and MSX surveys for all the objects. The thermal model solutions for the three asteroids with occultation derived diameters also match within 1%. This overlap in the diameter estimates suggests that the MIPSGAL and Taurus 24 µm solutions are robust, which is not surprising as we are observing thermal emission from asteroids at the peak of, or on the Rayleigh-Jeans tail of the SED. However, a slight variation in the mean diameters is present. This small spread in the distribution can be attributed to the use of a single mean beaming parameter of η = 1.07 for all asteroids in the MIPS data. This value of η must be used as there is insufficient photometry to allow for independent fits of albedo, diameter, and beaming parameter simultaneously. Walker & Cohen (2002) in their analysis of IRAS Low Resolution Spectrometer (LRS) SEDs derive a mean η = 0.98 with a one sigma uncertainty of 0.08, commensurate with the value we adopt in our work. The agreement between IRAS and Spitzer results for these diameters is evidence that utilization of a single beaming parameter is appropriate for a bulk treatment of main belt asteroids.
Spitzer 70 µm data likely would provide an additional constraint on the derived characteristics of the sample asteroids. Unfortunately half of the 70 µm array malfunctioned, and the default MIPS scan AOT used for these observations leaves large gaps in the mosaics, resulting in a striped 70 µm mosaic wherein useful data only exists for half of the areal coverage of a 24 µm mosaic. This poor coverage coupled with the low sensitivity of 70 µm fast scan maps, which is insufficient to recover 90 km asteroids, led us to discard these data from our analysis.
Use of a single beaming parameter based on IRAS and MSX results assumes that small and large asteroid bodies have similar surface roughnesses and thermal inertia. For main belt asteroids with diameters > 20 km, thermal inertia and diameter are inversely proportional (Delbo & Tanga 2009 ) and this net effect would drive the beaming parameter to larger values. A similar effect of increasing thermal inertia with decreased size is noted within the Near Earth Asteroid population as well (Delbo et al. 2007) . If a beaming parameter of 1.31 (equal to the mean from IRAS and MSX plus a 1-sigma standard deviation) is assumed for the 24 µm thermal modeling, the albedos differ from those reported here by ≤ 10% and the albedos differ by ∼ 5%. If a beaming parameter of 0.77 (equal to the mean from IRAS and MSX minus a 1-sigma standard deviation) is used for the 24 µm thermal modelling, the albedos differ from those reported here by ∼ 30% and the offsets are not systematic.
An additional source of albedo and diameter uncertainty is related to the reliability of the optical absolute magnitudes provided by the MPC. A systematic color dependent offset was found between apparent V band magnitudes calculated using ASTORB (Bowell et al. 1989 ) orbital elements and absolute magnitudes and the synthetic V band photometry derived from the Sloan Digital Sky Survey (SDSS; Juric et al. 2002) of order 0.34 and 0.44 magnitude respectively for the blue and red populations of asteroids. This magnitude discrepancy is lessened to a 0.2 magnitude offset when MPC absolute magnitudes are used to derive a projected apparent magnitude. While a systematic offset in projected apparent magnitude could be the result of the SDSS using only two-body computations to calculate r h , geocentric distance (∆) and phase angle, the relative offset of 0.1 magnitudes between red and blue objects is accounted for in our Monte Carlo modelling allowance of ± 0.2 magnitude variation in the optical absolute magnitude H.
Completeness
To place the albedos and diameters in the MIPSGAL and Taurus catalogs in context, the effects of optical and IR completeness must be considered. To assess the completeness of optical asteroid surveys, we assume that they are complete to a V magnitude of 21.5, commensurate with the 95% completeness limit from the SDSS (Juric et al. 2002) and other surveys such as the Sub-Kilometer Asteroid Diameter Survey (Gladman et al. 2009 ) and Spacewatch (Larsen et al. 2007) . Assuming that an asteroid will be detected at opposition by one of a number of surveys, we utilize the relation m V = H + 5log[r h (r h − 1)], and calculate the completeness limits in terms of H in each of the four main belt asteroids zones as defined in Zellner et al. (1975) , adopting opposition and a heliocentric distance which corresponds to the outer semimajor axis range of each respective zone. These values range from absolute magnitudes of 18.6 in the inner main belt to 16.57 in the outer main belt. Unfortunately, many asteroid surveys are pencil beam surveys which do not cover the full sky, therefore we estimate the full sky completeness of asteroid surveys utilizing the H magnitude distributions from the Minor Planet Center. We assume that all optical surveys are complete in each main belt region to the magnitude bin which contains the highest number of asteroid sources, and report those H magnitudes in Table 5 . Values in Table 5 reflect both the completeness in terms of H and diameters assuming a mean asteroid was recovered in all three epochs where sightings were predicted. Therefore, the expected losses due to asteroid motion are biased towards non-detection of slowly moving objects in both the MIPSGAL and Taurus datasets and the losses are less than 1% in total.
To assess the completeness of the 24 µm data, synthetic sources were added to single epoch MIPSGAL and Taurus AORs which were subsequently subtracted following the data analysis techniques described in Section 2. The 90% completeness limit was found to be 2 mJy for the MIPSGAL survey. We adopt this as the 24 µm completeness limit of both the MIPSGAL and Taurus surveys, although the Taurus survey is complete to 1.5 mJy due to a lack of extended background emission when compared to the MIPSGAL regions.
At 24 µm, the fluxes of asteroids are most highly dependent upon diameter, not albedo.
This enables completeness estimates as a function of diameter to be derived within the same zones utilized to analyze the optical completeness as reported in Table 5 . These diameters were also calculated via the NEATM flux distribution with η = 1.07, assuming an object was observed at opposition (thus at a phase angle of zero degrees), and that the Spitzer -to-asteroid distance was 1 AU less than the heliocentric distance.
The asteroid completeness limits derived from the optical and the MIPSGAL and Taurus surveys are compatible; however, for all subsequent analysis, objects were removed which had fluxes less than the 24 µm completeness limit of 2 mJy or if they had an H magnitude greater than the optical completeness limit in their region. This constraint de-biases the Spitzer sample and resulted in the removal of 289 objects from the combined MIPSGAL and Taurus catalogs in the subsequent analysis; 280 for having H values less than the optical completeness, 4 for having fluxes less than the 24 µm completeness limit, and 5 for having both H values less than the optical completeness and fluxes less than the 24 µm completeness limit.
It is useful to compare the relative completeness of the MIPSGAL and Taurus surveys to the NEOWISE survey (Mainzer et al. 2011) . With a mid-IR completeness limit of the NEOWISE survey currently unavailable (cf., Masiero et al. 2011) , we utilize the H magnitude distributions as a function of semi-major axis to compare relative completeness between the NEOWISE, MIPSGAL, and Taurus surveys. In the inner main belt, the H magnitudes of the NEOWISE survey peak at H ≃ 15.5 (Fig. 8 of Mainzer et al. 2011), whereas the mean H magnitude of the MIPSGAL and Taurus catalogs in the inner main belt is 15.8 mag as illustrated in Figure 2 once sources with H magnitudes greater than the optical completeness limit are removed. This offset of ∼ 0.3 magnitudes between the NEOWISE and MIPSGAL and Taurus surveys is consistent in all semimajor axis zones. This offset translates roughly into a diameter difference of 0.5 km at any given albedo indicating that the Spitzer data is detecting asteroids at least 0.5 km smaller than NEOWISE survey at any given region of the asteroid belt.
This offset is confirmed also by a simple estimate of the asteroid diameters which can be detected by the WISE mission (Wright et al. 2010) . Assuming a 5-σ limiting flux of 10 mJy at 22 µm, a beaming parameter, η = 1.07, geometric albedo p V = 0.14, and an asteroid observed at opposition (phase angle α = 0) at a heliocentric distance of 2.5 AU and a geocentric distance (∆) of 1.5 AU, WISE can only detect asteroids with diameters > ∼ 1.65 km, whereas under these s ame orbital assumptions and a flux completeness limit of 2 mJy, our Spitzer data is sensitive to asteroids with diameters D > ∼ 0.79 km.
Albedo Catalog Comparision
The albedo distribution histogram from the MIPSGAL and Taurus surveys is presented in Figure 3 . The albedo distribution derived for small asteroids is more diverse than the albedo distribution for large asteroids derived from IRAS and MSX data. The mean albedo for the complete Spitzer sample is 0.147 with a sample standard deviation of 0.104, whereas the mean albedo for the IRAS and MSX sample of 1584 objects in Ryan & Woodward (2010) is p V = 0.081 with a sample standard deviation of 0.064. To test if these small and large asteroid albedo distributions were selected from the same parent distribution, we performed a Komolgorov-Smirnov (K-S) test which rejected this hypothesis at the 99.99 percent level. We also performed a Wilcoxon-Mann-Whitney test to determine if these two albedo distributions were selected from a population with the same mean and that hypothesis was also rejected at the 99.99 percent level.
Studies of space weathering (Nesvorný et al. 2005; Clark et al. 2002 , and references therein) indicate that young collisional fragments have different colors or higher albedos than old asteroids which have been subjected to solar wind exposure or micrometeorite impacts. Lunar space weathering causes microscopic melting of the surfaces and the formation of agglutinates. Impact melt causes submicroscopic metallic iron on the surfaces of lunar regolith particles (which in general are highly regular in shape, i.e., spherical) in cases where iron-bearing assemblages are extant on the surface (Keller et al. 1998 (Keller et al. , 1999 Pieters et al. 2000) . The net effect is a reddened slope and decreased albedo with increasing exposure time. This lunar-type space weathering is assumed to modify the surfaces of asteroids as well, as minimal lunar-type space weathering is needed to match ordinary chondrite spectra to the spectra of S-type asteroids (Hapke 2000 (Hapke , 2001 . However, analysis of asteroid regolith from the Hayabusa 25143 Itokawa sample return mission (Noguchi et al. 2011; Tsuchiyama et al. 2011) Space weathering likely affects the albedo diversity we observe in our sample. Such diversity can be explained if lunar-type space weathering effects, comprising micrometeor bombardment and solar wind irradiation, dominate. The distribution peak for carbonaceous asteroids is at a similar albedo for both large and small asteroids as there is insufficient iron bearing minerals for this iron sputtering on regolith particles. The high albedo tail of the small asteroid population also exhibits a greater diversity than the large asteroid population. A complication to this interpretation is that lunar-type space weathering has only been well studied with asteroids and mineralogies characteristic of the S-taxonomic type in observations and lab studies; the effects of solar wind exposure on compositions similar to C-type asteroids have not been the subject of laboratory investigation. Whether or not space weathering effects are germane is discussed further in Section 4.5, where characteristics of individual dynamical families within the main belt are compared. for what may be two taxonomic types within the family -a very low albedo C-type asteroid grouping and a high albedo, S-type group. This split between the compositions of the family has been detected in the optical, where spectroscopic results found Nysa to be an S-type asteroid and Polana to be a C-type asteroid (Cellino et al. 2001 ). Although spectroscopically it was unclear if this subdivision in compositional types extended to small diameters, we find evidence of both taxonomic types amongst the small family members.
Albedo gradient across Main Belt
The lack of albedo trend with decreasing diameter within the main belt potentially vitiates the origin of the albedo offset between the IRAS and Spitzer datasets arising from space weathering due to solar wind implantation on asteroid surfaces. Although there is no direct way to measure asteroid age, a correlation between collisional timescale and asteroid diameter can be derived wherein the smaller asteroids are presumed to be on average younger than their larger neighbors (Davis et al. 2002) . To explain the color offsets between ordinary chondrites and S-type asteroids, lunar-type space weathering from the solar wind irradiation has been preferred mechanism invoked (e.g., Sunshine et al. 2004; Nesvorný et al. 2005; Marchi et al. 2006) to account for the reddening of S-type asteroid slopes and a decrease in albedo with increasing asteroid age. The effects of space weathering are likely best understood by examining an asteroid population with a presumed common origin, such as the Koronis dynamical family, whose Spitzer derived albedos are presented in Figure 9 , combined with the optical colors of asteroids within the Koronis dynamical family (Thomas et al. 2010) , which indicate a trend towards a redder optical slope with increasing diameter. No trend towards an increased albedo is apparent in the 2 to 5 km diameter Koronis family population observed by Spitzer, although Thomas et al. (2010) argue that of a trend towards bluer colors exists in this size range. This trend, where the color reddens as a function of age but the geometric albedo shows little to no modification, is commensurate with the interpretation Galileo flyby data of Koronis family member, -22 -shows large variations in spectroscopic absorption band depths and 1 and 2 µm related to +2 Fe; however, there is a lack of albedo variation commensurate with the varying surface color. Individual ≃ 52 nm diameter, irregularly shaped dust particle samples returned from the surface of the S-type NEA Itokawa have amorphous rims populated by small nanophase iron particles with an average size of ∼ 2 nm (Noguchi et al. 2011) . Laboratory measurements of small (< 10 nm) nanophase iron particles indicate that these particles only redden reflectance spectra, and their presence in asteroid regolith would not result in a decreased albedo (Keller et al. 1999 ). To produce a reduction (darkening) of the albedo and a steeper slope to the reflectance spectra (reddening) requires vapor deposition of "larger"
( < ∼ 40 nm) metallic iron nanoparticles on grain rims (Noble et al. 2007; Pieters et al. 2000) .
The variation of spectroscopic band depths related to +2 Fe on 243 Ida without a related color variation could also be a signature derived from small nanophase iron particles deposited on the surfaces of individual regolith dust particles. In our Spitzer dataset, no trend is evident correlating an increasing albedo with decreasing diameter for the Koronis family and the other S-type families, including Flora, Eunomia and Eos. Hence, invoking traditional lunar-type space weathering mechanisms alone may not be sufficient to explain the relatively large albedo diversity within the small main belt asteroid population.
Our results wherein albedo does not change with diameter, and therefore age, coupled with results from Galileo and the Hyabusa mission suggests that the dominant space weathering mechanism is one which produces small nanophase iron particles. Lunar-type space weathering cannot be directly ruled out as the mechanism which causes space weathering within the asteroid belt. However as small nanophase iron particles do not modify the albedo, space weathering which produces these particles is insufficient to explain the relatively large fraction of small MBAs in the high albedo (p V > 0.15) tail of the main belt asteroid albedo distribution. This observation suggests that the high albedo tail of the MBA albedo distribution is a function of composition, rather than space weathering.
Size-Frequency Distributions
From the MIPSGAL and Taurus data we can directly derive a size-frequency distribution (SFD) slope for small asteroids. Optical surveys such as the SDSS (Ivezić et al. 2001 ) and Spacewatch (Jedicke & Metcalfe 1998) and Taurus surveys is presented in Figure 11 . The SFD between 7 and 25 km can be fit by a single power-law slope of b=2.34 ±0.05. The measured SFD deviates from this fitted slope by 3σ starting at 8 km. If one assumes that the break is a result of optical survey completeness, rather than a signature of the a transition between the regimes of asteroid strength dominated by material strength versus gravitational potential energy as predicted from laboratory studies (Holsapple 1994; Housen & Holsapple 1990) , then it can be said that current optical asteroid surveys are only complete to ∼ 8 km. Removal of dynamical families from the Spitzer dataset modifies the power-law slope slightly; however, these changes in b are less than the derived uncertainties (±0.03).
A difference between power-law SFD slopes of asteroids was noted in the g ′ and r ′ filter surveys by Wiegert et al. (2007) . Although it was unclear if this was an effect of color or albedo, the Wiegert et al. (2007) result can be tested with the MIPSGAL and Taurus data by using albedo as a proxy for composition. We have utilized the albedo ranges from Ryan & Woodward (2010) for S-and C-type taxonomic groups and present the SFDs in Figure 12 . The slope of the C-type SFD between 8 and 25 km is b = 2.49 ± 0.07, far
shallower than the SFD slope of b = 2.20 ± 0.18 derived for the S-type asteroids between 8
and 25 km in the MIPSGAL and Taurus catalogs. These Spitzer results are similar to the slopes derived by Wiegert et al. (2007) , indicating that difference between the SFD slopes derived in g ′ and r ′ filters were likely a function of composition/taxonomic type.
CONCLUSIONS
From the study of small Main Belt asteroids with Spitzer, we find that some these objects are more diverse than the large main belt asteroids observed by IRAS and MSX.
The mean geometric albedo for small main belt asteroids is higher than that of large main belt asteroids and the overall range of albedo variation is greater for small asteroids by a factor of 2. The distribution of low albedo asteroids in the solar system is also very different 
